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600W= Consequent Pole Type IPMSM AA 2 EA H|al

The Design and Characteristics Comparison of 600W Class
Consequent Pole Type IPMSM
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(Gyu-Hwa Gim - Byung-Jun Park - Yongn-Tae Kim - Gyu-Tak KimJang)

Abstract - The Permanent Magnet Synchronous Motor(PMSM) has various advantages. However, new types of research have
been carried out because of rising prices of materials for rare earth magnets used in PMSM and also unstable supply. In this
paper, we propose Consequent Pole(CP) type IPMSM for magnet reduction. The shape of CP type IPMSM stator was same with
Basic model IPMSM. The design of the rotor shape was proceeded that CP type IPMSM achieved the same output as the
basic model IPMSM. Finally, the selected model and IPMSM were compared and discussed.
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APAe B7] AS7IPMSM)2 11EY, 188, HS S ¥
QloflAl Aoj7h golst BAEE 7IRAL AT mekk] 3l oA ¥
TE ZE= g7RME A8ste AE719 S8R0 HoRL
ACH1]. 53], A AMAFCE stHATY HARZ Qg CO, HIE
g Z7 9 Mg 59 U A 1Z thiog AFskfol of
ot oUX] ol g9 T, & AH] ol tigt QT alnt
T =0k al Qlon, 1 sfd=9] shz F5 Bl Q= stoj2
Z|E AFSAHHEV)QF AZIAFSAHEV)Z A AA0] BREE1 A=
AFolct, ol mwet YA 571" s7= HEV 2 EVY] s
ANAHOIA Q8 9ghs star ATH2].

J2Lf, PMSMOl AREEl= SIER A9l AXRQ UUE
(Neodymium) I} TIAZZEEDysprosium) 9] S|EF 94, 3
EFe AA 2439 0% oldeE £5=0] Hfotal A0 oL
Aot BEAde H, 714 A5 2 s=EA 452 & 359
Z2orEst olojX|al QIrt olof w, SIER AME AMSSHA
AL A ALgEE E0l= ofg] |4 EoF gds] AFE o
STH2-3].

o8] ®¥3LE = Consequent Pole (CP) type PMSMAIE/]|&=
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Fig. 1 Flux lines and flux density distribution of basic
model applied in this paper

171209 siMEy 2 5y

Table 1 The analysis results and characteristics of Basic

model

Items IPMSM

RS ARE ©HE [mm?] 396.8
A7)8e [Vrms] 8.26
FZLEA [mNm] 299.2
QIZVAF [Arms] 25
g4 £ [rpm] 3,000
B2 E3 [Nm] 191
E3 gE (%] 158
s [W] 28.99
= 28.93
7IAE W] 17.15
& &4 W] 75.07
=9 [W] 600
g8 (%] 88.9

2.2 Consequent Pole(CP) type IPMSM

Consequent Pole (CP) type IPMSMQ] /HEE 118 28 =3
A-ESHE CP type PMSMESZIE 17 29 (e 0] WA}
A BT E st S ALESHH, AESARE Aot fls A
Al ZAlg o]gsit) gutslog RAe HIEXES 1.052 &
719 13t A9l Zon, dtiFoz HEAE0] & FAOE UiA|

2 3 & AIIEE S8F0E HAZ T A4 A2YS
A sAlol s9st 298 de 4 Atk 1" 29 (s
QUFEO] [PMSMO] ARSAS LHERATE

I 2= IPMSM 7IEHEOA NZFES FAoZ fiAst 2E
CP type IPMSM (PM 50% HE)i} 7|2 HUO| 3§14 HIHE H]
WSto] LFERARITE ARSEF 50[%]2 AETt HE9 EYe

600W= Consequent Pole Type IPMSM AH 2 £4A d|m
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439.8[W]= IPMSMO] 600[W]ol tiHlsto] oF 73.3[%]9 H&
S SIS A ALE™RE E0] AlE "Lt Wobd HEe
IPMSMOll HIg WA vgtoLt, £ £5t 24510, CP typed
S8 86.3[%]E IPMSMO SEHL} 26[%] W2 ZAWE A
Ak

Flux Line

(a) Conventional IPMSM

Flux Line

(b) Consequent Pole(CP) type IPMSM

ad 2 AISIZ9 Hlul
Fig. 2 Comparison of magnetic circuit

E 2 7120E3} CP type IPMSMO E4H|W
Table 2 A comparison of characteristics between basic model
and CP type IPMSM

Htems IPMSM PM 50%
model model
A A ©EA [mm?] 396.8 1984
A71FE [Vrms] 8.26 6.34
FZEA [mNm] 299.2 222.1
QI7VEH [Arms] 25 25
B4 &% [rpm] 3,000 3,000
75 B3 [Nm] 191 1.40
B3 2E (%] 158 33.1
s [W] 28.99 28.99
HE W] 28.93 23.16
Z1AE W] 17.15 17.15
5 &4 W] 75.07 69.9
=9 W] 600 439.8
28 [%] 88.9 86.3
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2.2.1 A A7

600[WlE &% BF7] o A (PMe 271 Halo]
0E 54 Hus AAGIth 370 mE Hee 7 39t &
O] A9l FA9L Zo= Faiirh

Magnet
‘Width

— — ~ : —— Magnet
\ - g ! Thickness

J8 3 g7 27] AAMss
Fig. 3 A design parameter of permanent magnet size

Z|2Rdol g+t 44 V= A 0] ZZb 4[mm],
124[mm]o|t}t. A9l F=AE 45[mmlolAl 6.0[mm]7HAl 0.5
[mm] TRIE VA Heles SQIsIrt Ao Ze g+
A ARE RAEES 35[%]014 BRE SlY¥on, HAES 0]&97)
o Alilstd A F=A JSto] e Z9] MSRIE Aste
4 Utk 0|8 HIECORZ PR Ao mE 29| F|thx]of of
3 siAE 8ot Ol & 3o LIERNRICH

E 3 993K Arl0 e 54 (6turn)
Table 3 A Characteristics according to permanent magnet
size (Bturn)

PM5A | PME | 97178 | EX | PMAZE
mm] | [mm]| [Vrms] | [Nm] (%]
Basic 4 124 8.26 191 -
PM 50% 4 12.4 6.34 141 50.0

Model 1 4.5 14.0 7.14 1.58 36.5

Model 2 5 12.8 6.80 1.50 35.5
Model 3 55 11.6 6.31 1.39 35.7
Model 4 6 10.6 5.80 1.27 359

F 3014 =H9 HE

S HolH Y7AK HE 12 7|ERY

THH] 82.7[%]9 £8& U2 € & Uth 71BELYY &8

EE AM AKE HASL 7|ERrYo] A2 HEE 41[%]

24, HERE T3 41[%]E RAISHH, 7IE 6HojA TEHOR
S7IARCE 0|8 F40l Helstrh

F 4008 2E 12 1.87[Nm]Z 587.5[WIZ 600[W]o] A<

DHSIAE Bt =2 &8 Qd) gAkg BEsio] v g
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E 4 YR A7)0 2 &4 (Tturn)
Table 4 A Characteristics according to permanent magnet
size (Tturn)

PMSFA | PMZ | 97189 | E4 | PMAZE
[mm] | [mm] | [Vrms] | [Nm] [%]
Basic 4 124 8.26 1.91 =

PM 50% 4 12.4 6.34 141 50.0
Model 1 45 14.0 8.33 1.87 36.5
Model 2 5 12.8 792 1.76 35.5
Model 3 5.5 11.6 7.34 1.63 35.7
Model 4 6 10.6 6.75 1.49 35.9

;/\ — *:J_'ZI:“‘ : ‘7  z . [cleg]
.

O8] 4 V-type BE A7 W
Fig. 4 A design parameter of V-type model

2 AAE NsHArt.
2.2.2 V-type QTR

IPMSM2 WYy RAs7|2 SR YA RT3 o
gt A JEAOR ot AL MEY)9 £8 W 58 89 §
g B A 5= JAUHT]. &, 3350 eiEoZ By
g A2 75 540 SE 4 Art wekk] IPMSMO G}
Mg BEs6to] V-type EAOE TOEA dF WSOE AES
A7l AE ottt olgsr de HOd V-typeS
2 ANAs AAES 08 I8 40 UERRRACE

I 5014 AMHQ] Zho] mE E4g 20Ig = QU 2[deg]
OlF RpM9] Ztwert AZGE, 97|17y, B3t S71e & +
ATE AMC] A%t 10[deg] & wh, Hx Eo] TYoto] O]
pug A, 548 I8 50] LIERNRICE HaleiAol &
39 A% YAy ARFRE SYst QO=Z slo] ARA
SiAe AAIGIALT.

o71A9] B2 853[Vrms]E 7IEEE HC} 27[Vrms] =
2 Fre doloLl, Ftgol A=E FHigs ¢ 4+ Utk B9
AL Boge 2ou, EF gE0] 7|2RE9] 26 o]4Q1 315
(%12 B9 Hrt B3 2&S £0l7] Y8t GAE 596!
SR ArcBl8e TSIt
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Table 5 A characteristics according to V-type permaner

Trans. KIEE. Vol. 67, No. 8, AUG, 2018

E 6 JAA Arc AA Hol 02
Table 6 A characteristics according to Arc parameter of

magnet angle rotor arc

0 A= FZAEA Ed = a RS FAEF B3 EJgE
[deg] [Vrms] [mNm] [(Nm] (W] [mm] [Vrms] [mNm] [Nm] [%]

0 8.33 449.7 1.87 587.5 0 8.49 459.2 191 315

2 8.30 449.7 1.85 581.2 1 848 4105 191 28.8

4 8.34 4554 1.86 584.3 2 843 3672 191 2.6

6 8.39 4579 1.88 590.6 3 8.37 396.9 1.90 246

8 8.44 4579 1.89 593.8 4 831 286.5 1.90 296

10 8.49 459.2 191 600.0 5 8.25 248.0 188 207

12 8.53 454.3 1.92 603.2

14 8.58 4499 1.93 606.3

—— Basicmodel : .26 [Vins| —BasicModd - 101 Nm]
[ o= Cptype(10[deg] ) : 8.53 [Vims] - Cp type (10[deg]) 191 [N]
Z s B
) * z
k1 \ £
] p fE
Z J /
-10 ‘
T T T T M T T T T T T T
1 2 3 4 (3] 15 50 T 0.0 1235 150 s 200
Time [ms] Time fms]

@ 97184

9 5 V-type AF HE9 EAM
Fig. 5 A characteristics of selected V-type model
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I8 6 SIFAF Arc AAHS
Fig. 6 A design parameter of rotor arc

2.2.3 Arc Fg

Arce WAE719] dF1 qF9 AVIAES] Aolg ZTEsto] A
JEFQL EJRES AT EE /KE9 B4 1Xxu 48
AAE 4= QA= A 7IHoltte). SIFAll ArcE HE51%1
H Arc AAHS a[mm]E I8 60l UERNQICE SFKR] &
10141 a[mm]AZIE 45[deg]nitt 22 SHOZ §lo] S|HA
ZolAl a[mm]E W Ag I8 = wFF BRES IEAE A

1o o= [0 o oN
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Fig. 7 The flux line and magnetic flux density distribution
of the proposed model

EISIRATE. wetk I8 604 FHuhe REE(Cutting par)S
EoIgH 4= Utk o] mf ZEle BEo| dizlo] BEy HE E2
T BPASIEE BridgeE 05[mm]Z FAIE 4= A AT
Higlol YIRE Haol weh 2FSHIT.

I 62 ™AL Arc A Ho] T2 EHOIT) ArceE R83
=& dAskE 84 Q4R RV Ago] Erlsi s 54 A
Sto] elo] & 4= QIrh SHAIE Q19 AijolA & = URO]
Arc ¥ 5[mm]olA] EFZEE 20.7[%]2 Z7] 31.5[%]0lA
10[%] ol&9] T1Z AAE BQISIAULE. Arc AAZ Qs &
E4o] 1.88[Nm]2 AatElo] ARSA ASUEEFA A
gtolstal ok HolAl Hi2|ol(Barrier) AAE B3t B3 E7 &
AE ATk

2.2.4 HiE|0](Barrier) A

Hesty] sl wizlol dd AAE A W dEe
d 81k Atk =7] Ak 25[deg]ollAl 40[deg]7HA] 5ldeg] Tl
2 S4& Adelt
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H 7 XA} Barrier A Ho] wE
Table 7 A characteristics according to Arc parameter of
rotor barrier

Jé] A7 I4ES E3 E3gE
[deg] [Vrms] [mNm] [Nm] [%]
25 8.25 248.0 1.88 20.7
30 8.30 246.9 1.90 20.0
35 8.37 246.0 1.92 19.3
40 8.41 2449 1.93 18.7
45 8.45 243.8 1.94 18.1
50 8.47 242.8 1.95 17.3

% 8 uizlo](Barrier) AA W4
Fig. 8 A design parameter of barrier

(b)Final model

(a) Basic model

O9 9 71EEE 235 Y Y

Fig. 9 The shape of basic model and final model

I 72 Higlo] Heo] mWE S4oltt 4%t AR AR o}
gt 5 540 Fate Ag & & Atk A Foh FHRS
O] Hijgjo] Wm0l wet A4t ZAOE ALREHLL

g Ado] A, FAFAYGE  24[Vrms]olal, FASE
3000[rpm]Ol7] mwii2ol, 97|™E9] Fgte 84[Vrms] HITICE

Agsiort metd 28 REeg f=35[mm]eZ AFI o
e T8 90 7|ERdyt LERQIC

79 102 1RRdn 25 BYo] BRg 548, 1Y 112
B3l S48 LiERIC,
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—— Basic Model
—+— Final Model

—— Basic Model
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F A SNARARA
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(a) 971= () TLEA
T8 10 71Erdy FERE RREE EA v

Fig. 10 No-load characteristics comparison between basic

model and final model

—— Basic Model
22 —— Final Model
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Fig. 11 Load characteristics comparison between basic model

and final mode

ke

8 712 e} CP type IPMSMO EAH| I

Table 8 A comparison of characteristics between basic model

and final model

tems IPMSM Final
model model
A AR TEE [mm?] 396.8 252.0
o718 [Vrms] 8.26 8.37
FZAES [mNm] 299.2 246.0
QIZVAF [Arms] 25 25
B4 &% [rpm] 3,000 3,000
75 B3 [Nm] 191 1.92
E3 g (%] 158 193
s [W] 28.99 36.92
HE W] 28.93 27.88
71AE W] 17.15 17.15
5 &4 (W] 75.07 81.95
=9 (W] 600.0 603.2
28 [%] 88.9 88.0
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SRS 252.0[mm? O 8, 7|2 E [PMSMQ Z$ 396.8[mm?]
oF AAHAEY 1448[mm’ & AZsll 59 &8s dgs &
Ql g 4 QUrh
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£ ZIHsIRACE ot WEe AX ABREES AFotAL, A
AEE 365[%]E KAGHHA 5YUSH £ A8E & + AN
Ll 5% 89 o] fd d8g 41[%]E SAloHHA A
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